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Background {#sec005}
==========

Gastric cancer is the third leading cause of cancer deaths worldwide with more than 70% of the cases occurring in developing countries \[[@pone.0205185.ref001],[@pone.0205185.ref002]\]. On average, the five-year survival for gastric cancer is 25%, but rates less than 5% have been reported in some African countries \[[@pone.0205185.ref003], [@pone.0205185.ref004]\]. The stage of disease at initial diagnosis is a major determinant of outcome, and in Africa gastric cancer is often diagnosed late \[[@pone.0205185.ref005], [@pone.0205185.ref006]\].

Early gastric cancer diagnosis is a challenge in low-resource settings as endoscopy is expensive, invasive and requires trained personnel. In addition, ordinary white light endoscopy with histology, which is the gold standard for gastric cancer, has low sensitivity for detection of early gastric lesions \[[@pone.0205185.ref007]\]. There are several innovative strategies being developed to enhance the sensitivity of endoscopic biopsies such as confocal endomicroscopy, narrow band imaging, magnifying endoscopy with blue laser among others \[[@pone.0205185.ref008], [@pone.0205185.ref009], [@pone.0205185.ref010], [@pone.0205185.ref011]\], but application of these techniques is not possible in many parts of Africa. Less invasive strategies being evaluated make use of easily obtained samples such as blood, urine and saliva. Some of these include circulating tumour cells \[[@pone.0205185.ref012]\], cytokines \[[@pone.0205185.ref013]\], and tumour markers \[[@pone.0205185.ref014]\]. More recently, there have been reports of promising gastric cancer biomarkers detected in gastric juice, particularly long non-coding RNA \[[@pone.0205185.ref015], [@pone.0205185.ref016]\], micro RNA \[[@pone.0205185.ref017]\] and tryptophan metabolites \[[@pone.0205185.ref018]\]. However, many of these strategies employ molecular and highly technical approaches that are not currently feasible in poor resource settings with scanty sources of electricity and clean water. Therefore, cheap, less invasive and technically simpler methods are urgently needed for early gastric cancer detection in Africa.

Another hindrance to early gastric cancer detection is the lack of discriminatory clinical features. Alarm symptoms including weight loss, haematemesis, melaena, dysphagia, and anaemia are usually not apparent in early disease \[[@pone.0205185.ref019]\]. Others such as abdominal pain and persistent dyspepsia \[[@pone.0205185.ref019]\] are highly non-specific. This possesses diagnostic challenges for health care providers in centers that do not have endoscopic facilities. There is a need for a simple technique, preferably with a high negative predictive value that would enable clinicians in these low-resource rural settings to determine which individuals need to travel to more specialized centers for endoscopy.

We therefore set out to test the possibility of employing readily available diagnostic tools to predict which patients are likely to have gastric cancer. In this paper, we set out to test a concept that could subsequently be applied by unspecialized health care workers in very remote and low resourced settings. We hypothesized that testing gastric juice for the presence of blood would reveal which individuals have gastric mucosal lesions and therefore in need for endoscopic evaluation. The University of Zambia Biomedical Research Ethics committee, reference number 000-03-16, approved this study.

Methods {#sec006}
=======

Patient recruitment {#sec007}
-------------------

The study was conducted between July 2016 and November 2017 at the University Teaching Hospital (UTH) endoscopy unit in Lusaka, Zambia. All consenting adults above the age of 18 years were considered for recruitment. All participants gave written and well informed consent. Excluded were those with large bleeding oesophageal varices, occluding oesophageal lesions and previously confirmed or treated for gastric or oesophageal cancer. These patients all fasted overnight prior to the procedures. During the oesophagogastroduodenoscopy (OGD), contents of the biopsy channel were cleared and gastric juice aspirated using a 10 ml syringe. Aspiration of gastric juice was done immediately upon entering the stomach. The rest of the upper gastrointestinal tract was then examined following the standard of care. Biopsies were taken from mucosal lesions seen. After the OGD, gastric juice pH was measured using pH paper test strips (Sigma Chemical Company St Louis, USA). An aliquot of the juice was saved at -80°C for further experiments.

Description of endoscopic findings {#sec008}
----------------------------------

Mucosal lesions diagnosed during the OGD included the following;

1.  Gastric cancer, with fungating lesion seen

2.  Gastric, duodenal or oesophageal ulcers, with a clean base and edges

3.  Mucosal inflammation without ulceration

4.  Oesophageal varices

Determination of blood in gastric juice using urinalysis reagent strips {#sec009}
-----------------------------------------------------------------------

To test for the presence of blood in gastric juice, we used urinalysis reagent strips (ACON laboratories San Diego, USA). These strips test for the qualitative and semi-quantitative of analytes such as blood in urine with the ability to detect free haemoglobin as low as 0.018--0.06 mg/dL or 5--10 erythrocytes per μL. The test for blood is based on peroxidase-like activity of haemoglobin resulting in colour changes ranging from orange to green to dark blue, which is read manually. Depending on the colour change, the presence of blood was recorded on an ordinal scale as 1, 2 or 3 plus (+). Samples with 2+ or 3+ were considered to have a high intensity of blood. As gastric juice has much lower pH than urine, we conducted preliminary experiments to determine the influence of pH on detection of blood using these strips ([S1 Table](#pone.0205185.s001){ref-type="supplementary-material"}). We used Hydrochloric acid solutions and a pH of 1 or 2 showed colour change to blue without the presence of blood. In subsequent experiments, we therefore diluted samples with pH less than 3 in order to reduce the acidity, as follows:

1.  Gastric juice with pH 2.5; 1:10 dilution resulting in pH 3.5, (n = 9)

2.  Gastric juice with pH 2; 1:10 dilution resulting in pH 3, (n = 20)

3.  Gastric juice with pH 1.5: 1:100 dilution resulting in pH 3.5, (n = 29)

4.  Gastric juice with pH 1: 1:100 dilution resulting in pH 3, (n = 7)

Data were analysed by both including and then excluding these diluted samples.

All samples were then re-analysed at 1:10 and 1:100 dilutions.

Data analysis {#sec010}
-------------

We used proportions, medians and interquartile ranges to summarise categorical and continuous variables respectively. Binary variables were compared using Fisher's exact test and presented as odds ratios with 95% confidence intervals. The Kruskal-Wallis test was used to compare continuous variables. In all instances, a two-sided *P* value of \<0.05 was considered statistically significant. Statistical analysis was done in STATA 13 (College Station, TX, USA).

Results {#sec011}
=======

Basic patient characteristics {#sec012}
-----------------------------

Patient inclusion was as outlined in [Fig 1](#pone.0205185.g001){ref-type="fig"}.

![A flow chart showing patient recruitment and sample collection.](pone.0205185.g001){#pone.0205185.g001}

A total of 276 patients, of whom 147(53%) were female and the median age was 49 years (IQR 40--64 years) were enrolled. Of these patients, 116(42%) had mucosal abnormalities with 40(34%) benign gastric ulcers, 34(29%) duodenal ulcers and 33(28%) gastric tumours. The remaining 9(8%) had oesophageal abnormalities, polyps or non-specific inflammation. Of the 33 patients with gastric tumours, 27(82%) had adenocarcinoma. Patients with mucosal abnormalities were significantly older and more likely to present with blood loss or anaemia, ([Table 1](#pone.0205185.t001){ref-type="table"}). In addition, patients with gastric tumours were more likely to be unemployed and have less than secondary education.

10.1371/journal.pone.0205185.t001

###### Comparison of the basic characteristics of patients with normal and abnormal oesophagogastroduodenoscopy findings.

![](pone.0205185.t001){#pone.0205185.t001g}

  ----------------------------------- ------------------------------ ---------------------------------- ---------------- ---------
                                      Abnormal OGD n = 116: n(%)     Normal OGD n = 160: n(%)           OR; 95% CI       *P*
  Female                              59(51)                         88(55)                             0.8; 0.5--1.4    0.542
  Age in years, n (IQR)               57(45--69)                     45(39--55)                         \-               \<0.001
  Residence in capital city           70(60)                         116(73)                            0.6; 0.3--0.95   0.026
  No employment                       41(36)                         38(24)                             1.7; 1--3.1      0.043
  No secondary education              55(47)                         44(28)                             2.3; 1.4--4.1    0.001
  History of blood loss or anemia     34(29)                         20(13)                             2.9; 1.5--5.7    0.001
  History of abdominal pain           75(65)                         122(76)                            0.6; 0.3--1      0.043
  History of vomiting                 12(10)                         12(8)                              1.4; 0.6--3.6    0.517
  History of acid suppressing drugs   71(65)                         108(75)                            0.6; 0.3--1      0.07
  Current smoker                      6(6)                           10(10)                             0.8; 0.2--2.5    0.80
  Current intake of alcohol           30(27)                         32(21)                             1.4; 0.7--2.6    0.30
                                      Gastric tumour n = 33: n (%)   No gastric tumour n = 243: n (%)   OR; 95% CI       P
  Female                              18(55)                         129(53)                            1.1; 0.5--2.4    1.00
  Age in years, n (IQR)               63(53--71)                     48(39--60)                         \-               \<0.001
  Residence in capital city           16(48)                         170(70)                            0.4; 0.2--0.9    0.016
  No employment                       16(48)                         63(26)                             2.6; 1.2--5.9    0.013
  No secondary education              18(55)                         81(33)                             2.4; 1.1--5.4    0.021
  History of blood loss or anemia     9(27)                          45(19)                             1.7; 0.6--4      0.245
  History of abdominal pain           20(61)                         177(73)                            0.6; 0.3--1.3    0.154
  History of vomiting                 5(15)                          19(9)                              2.1; 0.6--6.4    0.183
  ----------------------------------- ------------------------------ ---------------------------------- ---------------- ---------

Blood in gastric juice as a marker of gastric pathology {#sec013}
-------------------------------------------------------

Overall, 95/276(34%) of the patients had hypochlorhydria with pH greater than 4. 179/276(65%) had history of having taken acid suppressing medication within two weeks of enrolment. The median pH for the patients with normal OGD was 6 while it was 5.5 in those with abnormalities, *P* = 0.15. 57/276(21%) of the patients had pH less than 3 including 7 with pH 1, 21 pH 1.5, 20 pH 2 and 9 pH 2.5. All these were diluted as outlined in the methods above. Excluding these samples from the analysis did not alter the results (data not shown).

The presence of blood in gastric juice was significantly associated with abnormal endoscopic findings, even at 1:10 and 1:100 dilutions, ([Table 2](#pone.0205185.t002){ref-type="table"}).

10.1371/journal.pone.0205185.t002

###### The presence of blood in gastric juice is associated with abnormal oesophagogastroduodenoscopy.

![](pone.0205185.t002){#pone.0205185.t002g}

  ---------------- ------------------------------ ---------------------------------- ---------------- ----------
  Gastric juice    Abnormal OGD n = 116: n(%)     Normal OGD\                        OR; 95% CI       P
                                                  n = 160: n(%)                                       

  Undiluted        85(73)                         90(56)                             2.1(1.2--3.7)    0.004

  1:10 dilution    61(52)                         45(28)                             2.7(1.6--4.7)    \<0.001

  1:100 dilution   22(19)                         10(6)                              3.4(1.5--8.5)    0.001

  Gastric juice    Gastric tumour n = 33: n (%)   No gastric tumour n = 243: n (%)   OR; 95% CI       P

  Undiluted        30(91)                         145(60)                            6.7; 2--35.3     0.0005

  1:10 dilution    24(72)                         79(33)                             5.4; 2.3--13.8   \<0.0001

  1:100 dilution   13(39)                         16(7)                              9.1; 3.5--23.3   \<0.0001
  ---------------- ------------------------------ ---------------------------------- ---------------- ----------

However, further dilution of the gastric juice samples did not significantly improve the test output as it reduced the sensitivity, ([Fig 2](#pone.0205185.g002){ref-type="fig"}).

![Presence of blood in gastric juice, stratified by *oesophagogastroduodenoscopy* diagnosis.](pone.0205185.g002){#pone.0205185.g002}

Having a history of blood loss or anaemia was not associated with presence of blood in gastric juice, \[OR 0.9; 95% confidence interval (CI) 0.5--1.7, *P* = 0.75\].

Blood in gastric juice as a marker of gastric cancer {#sec014}
----------------------------------------------------

The association between gastric cancer and blood in gastric juice was statistically significant both for neat and diluted samples, ([Table 2](#pone.0205185.t002){ref-type="table"}). A high intensity of blood in gastric juice defined by colour change signifying 2+ or 3+ was higher in patients with gastric cancer 26(79%) than in those without 55(23%), \[OR 12.7; 95% CI 5--36, *P*\<0.0001\]. The sensitivity for cancer detection using blood in neat gastric juice was 91% with a specificity of 41%. The area under the receiver operating characteristic (ROC) curve for gastric cancer detection was 0.66 with a 95% CI of 0.6--0.72. Considering the intensity of blood (as defined above) in gastric juice for detection of gastric cancer, the area under the ROC curve was 0.78 with a 95% CI of 0.71--0.86. The sensitivity of this approach was 79% with a specificity of 77%.

Discussion {#sec015}
==========

In this study, we explored the feasibility of a simple method for identifying individuals likely to have gastric mucosal lesions and therefore in need of endoscopic evaluation. Our results show that testing for blood in gastric juice is sensitive for gastric cancer detection but the specificity is low. This strategy could assist health care providers in low-resource rural settings. To test the concept, we collected the gastric juice using endoscopy but it could also be obtained using a thin nasogastric tube as a simple bedside sample collection tool. Alternatively, the patient could swallow a tethered capsule for detection of haemoglobin. This is a low cost novel idea that can be used by unskilled health workers in rural settings. These health workers are very frequently faced with patients presenting with dyspepsia but without alarm symptoms suggestive of cancer. Many such patients do not have gastric mucosal lesions but some could have early gastric lesions. In such situations, testing for blood in gastric juice could help healthcare providers prioritise patients in greatest need of endoscopy.

Gastric cancer carries a poor prognosis with one-year mortality of more 80% reported from Zambia \[[@pone.0205185.ref004]\]. One of the major contributors to poor outcomes is late diagnosis and there is a paucity of diagnostic facilities in sub-Saharan Africa. There are no specific symptoms for early gastric cancer and in many cases affected patients are asymptomatic. Discernable gastric cancer symptoms such as weight loss, anaemia and haematemesis only become obvious with advanced disease. This compounds the diagnostic challenge faced by health care workers in rural settings without access to endoscopic services. Endoscopy with biopsy is the gold standard for gastric cancer diagnosis, but it is expensive, invasive and requires trained personnel making difficult to implement on a population level in most sub-Saharan countries. In Korea, a high gastric cancer incidence country, its national screening programme using endoscopy was shown to significantly reduce the likelihood of dying from gastric cancer \[[@pone.0205185.ref020]\]. Such a programme however cannot be implemented in regions with widely scattered endoscopy facilities. A more effective strategy therefore, would be to direct the scarce resources to individuals most likely to have early gastric lesions. In Zambia for example, a 38-year audit showed that close to 70% of the endoscopies done were non-revealing \[[@pone.0205185.ref021]\]. With the correct screening tool, it could have been possible to identify patients who were more likely to have pathology and in need of endoscopy. We do acknowledge that this might not be an acceptable strategy in better-resourced centres, but in those struggling to maintain expensive endoscopic equipment, there is merit in finding ways of reducing unnecessary demand for endoscopy. We are in no way suggesting that this strategy could replace endoscopy but has the potential of being applied as an initial screening tool for individuals without alarm symptoms.

Recently, there has been a surge of publications on non-invasive ways of diagnosing gastric cancer and its premalignant lesions using easily obtained specimens such as urine or blood but these use molecular technologies, which are difficult to set up in rural Africa. A simpler bedside test, which can deliver the results instantly, would be more useful. The use of urinary reagent strips is one such strategy as they are fairly cheap and readily available even in the most basic centres, using health workers with very basic training. Zambia, for example has less than half of the World Health Organisation's recommended Human Resource for Health workforce \[[@pone.0205185.ref022]\], a situation not dissimilar from other sub-Saharan African countries. There is need to therefore conduct more research on simple approaches to difficult health problems.

Colak et al. suggested the use of faecal occult blood-transferrin test on gastric aspirate to diagnose upper gastrointestinal bleeding but their study was done on patients who had already reported a history of haematemesis \[[@pone.0205185.ref023]\]. There was a recent publication reporting the potential use of a capsule system for detecting gastric occult blood but it relied on computerized data interpretation, which similarly demands considerable resources \[[@pone.0205185.ref024]\].

The limitation of this study is that endoscopic intubation can sometimes cause some mucosal abrasions. The urinary reagent strips used in this study were sensitive even to small amounts of blood. This could have lead to over estimation of patients with blood in gastric juice. The weakness of this approach is low specificity. Our data however, suggest a reduction of normal endoscopic findings by 40%.

There was a high proportion of hypochlorhydria in our patient cohort and use of acid suppressing medication could have influenced this observation. However, a previous community based study in Zambia also showed a similarly high proportion of hypochlorhydria of 37% \[[@pone.0205185.ref025]\]. Our preliminary experiments showed that the urinary reagent strips would not be applicable at low pH levels. Patients could be put on gastric acid suppressants such as proton pump inhibitors or oral acid buffers could be taken before the test.

Conclusion {#sec016}
==========

The presence of blood in gastric juice is associated with gastric cancer and other mucosal lesions. The sensitivity of the approach for gastric cancer detection is high but with a low specificity.

Supporting information {#sec017}
======================

###### Testing the utility of urinary reagent strips for detection for blood in samples of with different pH levels.
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